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Metalloproteinase-2 expression correlates with
aggressiveness of cutaneous squamous cell
carcinomas
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Matrix metalloproteinases compose a family of enzymes involved in degradation of the extracellular matrix.
Tumor cells must penetrate the basement membrane and traverse the extracellular matrix in order to invade
surrounding structures and metastasize to distant sites. Gelatinases, particularly gelatinase A (matrix
metalloproteinase-2), demonstrate degradative activity against components of the basement membrane and
may be involved in the progression of in situ squamous cell carcinoma lesions. Matrix metalloproteinase-2
overexpression has been correlated with tumor invasiveness and metastasis in a wide variety of cancer types,
including squamous cell carcinoma arising on mucous membranes. However, correlation between matrix
metalloproteinase-2 overexpression and the spread and prognosis of cutaneous squamous cell carcinoma has
not been characterized in the literature at present. In this study, we used immunohistochemical techniques to
examine the expression of matrix metalloproteinase-2 in 10 actinic keratosis, 15 in situ, 13 invasive, 13 primary
(with documented metastatic disease), 11 metastatic, and 8 recurrent squamous cell carcinoma cases. We
found that while the average staining intensity (scale 0-3 +, 3 + being strongest) of actinic keratosis and in situ
lesions was not statistically significant (0.87-1.3 and 0.75-1.4, respectively), the average staining intensity of
invasive squamous cell carcinomas (1.6-2.5) was significantly greater than that of actinic keratosis and in situ
lesions. Likewise, while the average staining intensity of primary squamous cell carcinomas and metastatic
squamous cell carcinomas was not found to be statistically significant (3.1-3.5 and 3.1-3.8, respectively), the
average staining intensity of these lesions was significantly higher than that of invasive lesions. We also found
that the intensity of matrix metalloproteinase-2 staining correlates with cellular atypia, inflammation,
neovascularization, and the invasive tumor front, as well as tumor aggressiveness, and may play a role in
the pathogenesis, invasion, and metastasis of cutaneous squamous cell carcinoma.
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immunohistochemistry

Matrix metalloproteinases compose a family of
enzymes involved in the degradation of extracellular
matrix. Matrix metalloproteinase activity is directed
against essentially all elements of the extracellular
matrix. Thus far, 21 matrix metalloproteinases have
been identified in human tissue and are categorized
according to substrate specificity. Subclasses in-
clude collagenases, gelatinases, matrilysins, strome-
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lysins, membrane-type matrix metalloproteinases,
and several others."™

Tumor cells must penetrate the basement membrane
and traverse the extracellular matrix in order to invade
surrounding structures and metastasize to distant
sites. Gelatinases, particularly gelatinase A (matrix
metalloproteinase-2), demonstrate degradative acti-
vity against components of the basement membrane
and may be involved in the progression of in situ
lesions.*® Matrix metalloproteinase-2 has affinity for
gelatin; collagen I, IV, VII, X; tenascin; fibrillin;
osteonectin; fibronectin; and monocyte chemoattrac-
tant protein 3." Collagenase IV activity is particularly
associated with basement membrane compromise.*®

Matrix metalloproteinase-2 overexpression has
been correlated with tumor invasiveness and metas-



tasis in a wide variety of cancer types,®™° including

squamous cell carcinoma arising on mucous mem-
branes."®® A significant increase in matrix metallo-
proteinase-2 expression has been observed in
invasive and metastatic oral squamous cell carcino-
ma®'”* and has been associated with a shorter
disease-free survival.#?° However, correlation be-
tween matrix metalloproteinase-2 overexpression
and the spread and prognosis of cutaneous squa-
mous cell carcinoma has not been characterized in
the literature at present. The differing pathogeneses
of squamous cell carcinoma arising from mucous
and cutaneous sites suggests the possibility of
discrete molecular means of invasiveness. For
instance, hypermethylation inactivation of p16 is
instrumental in many mucosal squamous cell
carcinomas but does not appear to play a role in
cutaneous squamous cell carcinoma.?*

Available treatment of metastatic cutaneous squa-
mous cell carcinoma with chemotherapy and radia-
tion fails to offer a favorable prognosis. Several
matrix metalloproteinase inhibitors are currently
under investigation for therapeutic use, and many
target a wide variety of matrix metalloproteinases
including matrix metalloproteinase-2. Among these
are peptidomimetic and nonpeptidic inhibitors,
natural matrix metalloproteinase inhibitors, tetracy-
cline derivatives, and bisphosphanates.” The devel-
opment of more specific matrix metalloproteinase
inhibitors, such as matrix metalloproteinase inhibi-
tor-166, may lead to a decrease in side effects. Matrix
metalloproteinase inhibitor-166 inhibits matrix
metalloproteinase-2, -9, and -14.?*3

In this study, we compare matrix metalloprotei-
nase-2 expression in cutaneous squamous cell
carcinoma specimens representing precancerous
(actinic keratosis), in situ, locally invasive, recur-
rent, and metastatic disease. Our goal is to examine
for the presence of a correlation between the degree
of matrix metalloproteinase-2 expression and tumor
aggressiveness. If such correlation should exist, it is
possible that matrix metalloproteinase-2 could be
used as a tumor marker for metastasis and that some
subset of patients with cutaneous squamous cell
carcinoma may benefit from matrix metalloprotei-
nase inhibitor chemotherapeutic treatment.

Materials and methods

Immunohistochemistry was used to determine the
expression of matrix metalloproteinase-2 in 10
actinic keratosis, 15 in situ, 13 invasive, 13 primary
(with documented metastatic disease), 11 meta-
static, and eight recurrent squamous cell carcinoma
cases. Formalin-fixed, paraffin-embedded biopsy
tissue was retrieved from archival material. Sections
(4 yum) were heated at 60°C for 24h prior to
deparaffinization in xylene and rehydration in
ethanol. Antigen retrieval was achieved by incuba-
tion at 120°C in citrate buffer (pH 6.1) for 20 min in a
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high-pressure oven. The sections were then washed
in Tris-buffered saline (TBS) buffer (pH 7.6) and
stained using mouse antihuman matrix metallopro-
teinase-2 MAb (NeoMarkers matrix metalloprotei-
nase-2 Ab-4 VC2) and goat biotinylated antimouse
IgG Ab (Lab Vision Corporation, Fremont, USA; Ca
HRP/AEC TQ-015-HA). Incubation with mouse
antihuman MAb was carried out for 30min at a
1:50 dilution in the TBS buffer. The sections were
washed in the TBS buffer between each incubation.
Hematoxylin counterstain was applied for 1min.
Slides were then rinsed in distilled water and
mounted.

Results were determined by three independent
investigators. Staining intensity was determined
subjectively using a 0-3 scale. Tumor cells staining
equivalent to that of basal keratinocytes in normal
skin were assigned a rating of 1+4. Tumor cells
staining less intensely than cells of the basal layer
received a rating of 0. Tumor cells staining as
strongly as endothelial cells received a rating of
3 +. Staining intensity between 1 and 3 received a
rating of 2 +. The basal layer of normal skin, when
present, and endothelial cells were used as an
internal control in each slide.

Results

We have examined expression of matrix metallopro-
teinase-2 in 10 actinic keratosis, 15 in situ, 13
invasive, 13 primary (with documented metastatic
disease), 11 metastatic, and eight recurrent squa-
mous cell carcinoma cases. Normal skin showed
weak staining of the basal layer of the epidermis
(Figure 2), as well as strong staining of endothelial
cells (Figure 3). All biopsy specimens in this study
also showed this pattern of staining. In addition,
cells comprising the inflammatory infiltrate present
in many of the slides stained 2+ to 3+ in intensity
(Figure 4). Endothelial cells in areas consistent with
neovascularization stained 3 +.

Nine (90%) actinic keratosis lesions stained with
1+ intensity (n=10), and one stained with 2+
(10%) intensity. The 2+ staining in the latter
specimen corresponded with acantholysis. Other
actinic keratosis specimens showed an epidermal
blush corresponding with acanthosis, while the
normal skin flanking the lesions lacked stain super-
ficial to the basal cell layer (Figure 4). Staining
occurred in a granular pattern and appeared stron-
gest in the cytoplasm. The average staining intensity
of actinic keratosis lesions was 1.1, with a range of
0.87-1.3 (significance level =0.5; see Figure 1).

In all, 12 (80%) in situ lesions stained with 1 +
intensity (n=15). One (7%) in situ specimen was
negative for stain, two (13%) exhibited 2 + staining,
and one (7%) showed a combined area of 2+ and
3+ staining. The in situ lesions containing 2+ and
3+ staining exhibited an immunohistochemical pat-
tern revealing increased staining intensity correlating
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Figure 1 Correlation of staining intensity with lesion severity.

Figure 2 Normal skin. The matrix metalloproteinase-2 stain is
greatly limited to the basal cell layer. This degree of staining
represents 1+ staining intensity.
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Figure 3 Normal vessel. Endothelial cells stain 3+ in intensity.

with acantholysis. As with actinic keratoses, the
strongest areas of stain were observed in the
cytoplasm, where staining appeared granular in
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Figure 4 Transition between normal skin and actinic keratosis.
The small arrow indicates the transition between normal skin and
acanthosis. Note the correlation between increase in epidermal
stain and degree of acanthosis. The large arrows point to
inflammatory cells, which stain 3+ in intensity.

nature. Figure 5 shows a representative in situ
specimen in which matrix metalloproteinase-2 stain
is distributed throughout the lesion. The average stain-
ing intensity of in situ lesions was 1.1, with a range of
0.75-1.4 (significance level = 0.5; see Figure 1).

One (8%) invasive squamous cell carcinoma
specimen was negative for stain (n=13). Three
(23%) invasive squamous cell carcinomas stained
with 14 intensity, four (31%) stained with 2+
intensity, and 5 (38%) exhibited 3+ staining.
Staining was granular in nature, cytoplasmic in
distribution, and strongest at the invasive front.
Stain was often distributed throughout the lesion
(Figure 6). Acantholytic cells expressed greater
staining intensity (Figure 7). The average staining
intensity of invasive squamous cell carcinoma
lesions was 2.0, with a range of 1.6—2.4 (significance
level =0.5; see Figure 1).

One (8%) primary squamous cell carcinoma, with
documented metastatic disease (n=13), exhibited
1+ staining intensity, three (23%) exhibited 2+
staining, and nine (69%) primary squamous cell
carcinomas exhibited 3 + staining intensity. Stain-
ing was often splotchy, with areas of acantholysis
staining more strongly than their less architecturally
disordered counterparts. Staining remained granular
and cytoplasmic. The invasive fronts of these
tumors often exhibited markedly increased staining
intensity and were bordered by areas of inflamma-
tory infiltrate and neovascularization, cells in both
of which also stained intensely (Figure 8). The
average staining intensity of primary squamous cell
carcinoma lesions was 3.3, with a range of 3.1-3.5
(significance level =0.5; see Figure 1).

One (9%) metastatic squamous cell carcinoma
exhibited 1+ staining intensity (n=11), three
(27%) metastatic lesions exhibited 2+ staining,
and seven (64%) exhibited 3 + staining. As seen



Figure 5 Squamous cell carcinoma in situ. Matrix metalloprotei-
nase-2 staining is seen throughout the in situ lesion.

Figure 6 Invasive squamous cell carcinoma. Matrix metallopro-
teinase-2 staining is seen throughout the invasive squamous cell
carcinoma lesion.

with primary lesions, the granular, cytoplasmic
staining in metastatic cases was often splotchy,
corresponding to the frequently encountered
acantholytic cells. Increased staining was observed
at the stromal interface. The average staining
intensity of metastatic lesions was 3.4, with a range
of 3.0-3.8 (significance level = 0.5; see Figure 1).
One (13%) recurrent squamous cell carcinoma
exhibited 1+ staining intensity (n=28), three (38%)
recurrent squamous cell carcinomas exhibited 2+
staining, and four (50%) exhibited 3 + staining. The
immunohistochemical pattern observed in these
lesions was very similar to that seen in primary
lesions with associated metastases. Splotchy stain-
ing corresponded to areas of acantholysis. Staining
was granular and cytoplasmic in location. The
invasive front often exhibited increased staining
intensity and was met with an intensely staining
inflammatory infiltrate and areas of neovasculariza-
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Figure 7 Acantholytic cells in an invasive squamous cell
carcinoma. The acantholytic cells stain more intensely than their
more normal-appearing counterparts.

O

Figure 8 Invasive tumor front. Tumor cells at the invasive front
exhibit 3+ staining intensity and are met with an area of
neovascularization. Endothelial cells also stain 3 +.

tion. The average staining intensity of recurrent
lesions was 2.4, with a range of 2.1-2.7 (significance
level =0.5; see Figure 1).

Discussion

Cellular atypia in squamous cell carcinoma has
previously been correlated with tumor metastasis
and decreased patient survival.** In this study, we
found that cellular atypia was also associated
with increased matrix metalloproteinase-2 staining
intensity. For instance, the majority of actinic
keratosis and in situ specimens exhibited 1+
staining. The few cases in which these lesions
stained with greater intensity exhibited such stain-
ing only in acantholytic cells, presumably second-
ary to deranged formation of desmosomes. In fact,
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acantholytic cells also stained more intensely than
surrounding, more normal-appearing tumor cells, in
invasive, primary, metastatic, and recurrent lesions.

If cellular atypia, manifested, at least in part as
acantholysis, is associated with both metastatic
disease and increased matrix metalloproteinase-2
staining, then matrix metalloproteinase-2 may play a
role in the progression of cutaneous squamous cell
carcinoma lesions. Matrix metalloproteinase-2 has
been associated with tumor progression, metastasis,
and poor prognosis in various different cancers,
including those of pancreatic, liver, lung, renal,
bladder, gastric, ovarian, and mucosal squamous
cell carcinoma origins.®™"? Matrix metalloproteinase-
2 appears to play a role in the degradation of
extracellular matrix components, including type IV
collagen."” Compromise of the basement mem-
brane, of which type IV collagen is a key component,
is a vital step in invasion and metastasis."* As tumor
cells displaying atypia are associated with tumor
progression, we assume that such cells possess
characteristics, which promote basement membrane
degradation. Since matrix metalloproteinase-2 has
the capacity to digest type IV collagen enzymatically
and is over expressed in the most atypical cells of
cutaneous squamous cell carcinoma tumors and
in situ specimens, we suspect that matrix metallo-
proteinase-2 is involved in the pathogenesis of these
lesions. Inflammatory infiltration has also been
correlated with tumor metastasis and poor prog-
nosis.** We observed that cells of the inflammatory
infiltrate associated with the tumor mass in many
of our squamous cell carcinoma specimens stained
with 2-3 + intensity and were often bordered by
intensely staining malignant cells. This immuno-
histochemical pattern was most pronounced at the
invasive front, an area of the tumor that is
particularly active in invasion and metastasis.?**”
The correlation between intensely staining inflam-
matory infiltration and intensely staining tumor
cells at the invasive front suggests an interaction,
between inflammatory and tumor cells, which
increases matrix metalloproteinase-2 expression
and promotes tumor progression.

The literature supports an interaction between
tumor cells and the inflammatory infiltrate that
promotes invasion and metastasis. For instance,
cells of the inflammatory infiltrate, including fibro-
blasts, associated with the tumor mass have been
shown to secrete various growth factors and cyto-
kines that increase the production of proteins such
as matrix metalloproteinases in tumor cells. The
reverse also occurs. Thus, inflammatory cells and
fibroblasts activate, and in turn are activated by,
surrounding tumor cells. The result is increased
production of factors that participate in tumor
virulence by promoting, for example, angiogenesis
and degradation of the extracellular matrix.>*® Our
finding of increased matrix metalloproteinase-2
staining in tumor cells near the inflammatory
infiltrate is consistent with the literature and
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suggests that matrix metalloproteinase-2 may inter-
act with the inflammatory infiltrate to further
cutaneous squamous cell carcinoma progression.

Neovascularization is a significant event in the
process of metastasis of a variety of tumor types.**
We found that areas of neovascularization were
often associated with intensely staining tumor cells,
particularly at the invasive front. This pattern of
staining was most pronounced in primary, meta-
static, and recurrent squamous cell carcinoma
specimens. Increased matrix metalloproteinase-2
staining near areas of vascular permeation in cases
of advanced disease further supports a role for
matrix metalloproteinase-2 in the metastasis of
cutaneous squamous cell carcinoma.

Increased staining intensity correlating with more
advanced stages of cutaneous squamous cell carci-
noma indicates that matrix metalloproteinase-2 may
play a role in the pathogenesis and progression of
these lesions. While the average staining intensity of
actinic keratosis and in situ lesions was not
statistically significant (0.87—1.3 and 0.75-1.4, re-
spectively; see Figure 1), the average staining
intensity of invasive squamous cell carcinomas
(1.6—-2.5) was significantly greater than that of
actinic keratosis and in situ lesions. Likewise, while
the average staining intensity of primary squamous
cell carcinomas and metastatic squamous cell
carcinomas was not found to be statistically sig-
nificant (3.1-3.5 and 3.1-3.8, respectively), the
average staining intensity of these lesions was
significantly higher than that of invasive lesions.
The average staining intensity of recurrent squa-
mous cell carcinomas (2.1-2.7) was significantly
lower than that of primary and metastatic lesions,
and the reason for this finding is uncertain.

Staining of the invasive group of squamous cell
carcinomas in this study may be misleading. We
found that 31 and 38% of these specimens, for
which no metastatic disease was documented,
stained 2+ and 3+, respectively. Such staining
intensity, although still consistent with our hypo-
thesis, is impressive for this group of lesions. How-
ever, we did not have follow-up beyond 1-2 years
for most of these patients, and it is possible that
some of these invasive cancers may indeed repre-
sent lesions with great metastatic potential. Future
research endeavors will test this hypothesis.

Some authors have reported an association be-
tween various matrix metalloproteinases and histo-
logic grade in a variety of tumors.?*** We did not
find a correlation between matrix metalloproteinase-
2 expression, as measured by immunohistochemical
analysis, and the grade of cutaneous squamous cell
carcinoma (grading data not shown).

In conclusion, we found that the degree of matrix
metalloproteinase-2 expression, as documented by
immunohistochemical analysis, correlates with cu-
taneous squamous cell carcinoma tumor aggressive-
ness. Additionally, as the intensity of matrix
metalloproteinase-2 staining correlates with cellular



atypia, inflammation, neovascularization, and the
invasive tumor front, matrix metalloproteinase-2
may play a role in the pathogenesis, invasion, and
metastasis of cutaneous squamous cell carcinoma. It
is thus possible that in the future matrix metallo-
proteinase-2 may be used as a tumor marker for
metastasis and that some subset of patients with
cutaneous squamous cell carcinoma may benefit
from matrix metalloproteinase inhibitor chemother-
apeutic treatment targeted against matrix metallo-
proteinase-2.
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